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ABSTRACT 

A new  set of long-ptxriod means  for  sea level prrssurtr and 700-rnb. height,  based 011 12  recrnt years of reliable  upper- 
level  and  surface  observations  in  the  Northern Hemisphert.,  is const~ructc~d.  Comparison  with  the  normals  currently 
in use, which are based on data  prior  to 1950, reveals  additional  information  and  some  significant differences,  princi- 
pally at high  and  low  latitudes.  The  three cells of the  polar  vortex  at 700 rnb. are  not  as deep as  shown  in  the  normals, 
the cells over Baffin Islalld  and thr Siberian  Arctic  are  farther  north,  and  the  Kamchatka cell is found  primarily 
over  the  Bering  Sea  rather  than  over l a d .  The Pacific High  at, 700 mb. is tricellular  on  an  annual  basis,  with  the 
additional  Philippine  crll  becoming  the  dominant cell ill late winter.  Other new features  in  the 700-mb. means 
include troughs near  Spitzbergen,  Alaska,  the  Philippine  Sea,  and  the  Bay of Bengal;  and Highs in  northeastern 
Siberia  and  the  Caspian  Sea  area.  Patterns of height differences between  tht,  new  means and the  normals  suggest 
that, a long-period  trend  toward  increased  blocking  has bocn in  progress  during  the  last  decade,  particularly  in the 
Baffin Hay  area. 

1. INTRODUCTION 

In  the  preparation of a study of the frequencies of 
5-day mean 700-1nb. Highs  and Lows for  t'hc  years 
1947-1958 (to be  published),  it  was  noted  that'  there was 
poorer  correspondence than  might be  expected  between 
some areas of rrlaxirnurr~ frequency and the long-period 
mean  circulation  pattern  in  the  Northern  Hemisphnre 
currently  in use BS a norrrral; i.e.,  the  norrnals publislletl 
in 1952 [l] and based  on data prior to 1950. In  Januar>-, 
for  example, the frequencies  showed a secondary  maximurn 
ol  mean  Lows  near  the  Denmark  Strait  and a clustering  ol 
Highs over  Greenland,  features  not  adequately reflected 
(by  vorticity r n ~ x i n ~ a )  i n  the 1952 normals.  Similar  dis- 
crepancies  could be  noted  by  comparison o l  t,he  1952 
normals  with  the  frequencies of 5-day  mean 700-rnb. 
troughs  and  ridges  during the period 1947-1955 published 
by  Klein  and  Winston [ 2 ] .  

I t  might be argued t,hat' any  disparity  between  the 
frequencies and  normals  may be due  to a different circu- 

lation  regime  in the 12 years  embraced by  the frequency 
st,utlies (1947 and later years)  t'han in the earlier  period 
prior to 1950  ernbrnced by  the  normals. To the  extent 
that  this is true,  then,  t,he  earlier  normals  no  longer  ade- 
quately reflect current modes of synoptic  behavior, so that 
it  might bc desirable to adopt a more  up-to-date  set of 
norrn;~ls which more accurrtte1.v represent  current  trends. 
(In  this  connection, it  might be noted  that'  the  Weather 
BuretLu following the World  Met'eorological  Organization 
Technical Regulations [3] adopted  the  policy of' revising 
30-year  surface  temperature  normals once every 10 years 
b ~ -  tdding  data of the most recent  decade  and  dropping 
the carliest decade.) 

As a result of the above  considerations, R new set of 
long-period  means  for the years 1947-1958 was  prepared. 
This was the longest  continuous period of relatively 
accurate  Ilernispl~eric tLndyses for 700 mb.  available on 
punclwd  cards  in the files of Extended  Forecast  Section, 
and it'  embraced  the same period as used in t'he  lrequency 
Ftudy of 1nem  Highs and Lows. Subject to the reserva- 
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tions  discussed lat'er,  the  12-year  means  presented  here 
probably reflect as accurate  a  port,rapl of t,he  long-period 
circulation  as  could be  obtained. 

The principal  chart's to  be  presented  consist of four  sets, 
as follows: (a) 12 monthly  700-mb.  means;  (b) 12 chart's 
showing the differences  between t'lle 700-nib. 12-yeur 
means,  by  months, arid their 1952 normal  countcrpnrts; (c) 
12 monthly  sea level means;  and  (d) 12 charts  showing  the, 
differences  between the 12-year  mean 1000-700-rnb. thick- 
nesses by  months  (not  shown)  and  their 1952 normal 
counterparts.  Obviously  these  charts  may  be  used, if 
desired,  without  any  reference to the  text',  which  points 
out in  some  detail  the deficiencies of carlier data (sect'ion 
2) ,  composition of the 12-year  means (section 3) ,  differ- 
ences  in circulation  feat'ures a t  700 mb. (section 4),  tmnuttl 
oscillat,ion of the 12-year  mean  circulation  features a t  700 
mb. (section 5 ) ,  comparison of height differences at 700 
mb. in  relation  to  long-period  changes (sect'ion 6), differ- 
ences  in the 700-mb.  zonal  indices  (section 7),  stability of 
the 700-mb. height differences  (section S), cornparison of 
sea  level patterns (section 9), comparison of t~hickness 
patterns (section  IO), and conclusions  (sect'ion 1 1). 

2. DEFICIENCIES OF EARLIER  DATA 

The 1952 norrnals  presented  in [l] were a heterogeneous 
combination of different  periods ol' dtrt'a from  different 
areas,  and,  especially  for  t'he  upper  levels,  relied to a  great 
extent on daily  analyses  arrived a t  indirectly.  This  is 
not  surprising  when  one  realizes  that  the  history of direct 
upper-air  measurements is short  compared  with  that of 
surface  observations. I t  was not  until  the end of t'he 
decade of the 1930's that  radiosondes  came  into  ext'ensivc 
use  even  in the  United  States,  although some  measure- 
ments  were  made  from  airplanes  early  in  this  period. 
Upper-air  meteorology  based  on  actual  measured  data, 
and of a  scope  even  resembling a hemispheric  basis,  is  thus 
barely 25 years  old a t  t'his writing.  Furthermore,  because 
of the  disruptions  in  data coverage a t  various t>irnes by 
wars,  etc.,  only  since  the  end of World  War I1 has there 
been a  relatively  uninterrupted flow of data on a hemi- 
spheric  basis  on  which a reliable long-period upper-air 
mean could  be based.  Over  the  oceans,  for  exunlple, 
prior  to  near  the  end of World War 11, synoptic  upper-air 
observations frorn shipboard  weather  stations  and  regu- 
larly  scheduled  a,erial  weather  reconnaissance  observa- 
tions  were  non-existent.  Thus  the  oceanic  circulations 
a t  upper  levels  were  largely  derived  from  surface  observa- 
tions  prior t.0 1946. 

It is well known,  as  pointed  out  by  Narnias [4], t'hat 
prior  to  World  War 11, analyses  over  the  Polar  Basin 
were  largely  unreliable  owing to lack of adequate observa- 
tions,  both  surface  and  aloft. In  fact,  the  analyses  during 
the 1946-1950 period,  on which t>he 1952 normals  relied 
heavily  in  some  areas 111, were  still  far  from  adequate in 
the  polar  regions,  although  there  was  an  unprecedented 
increase  in  observations  during  that  period.  The  same 

deficiencies  existed  in ot'her  parts of the world,  par- 
ticularly  in  parts of Xsia  (e.g.,  China,  where  upper-air 
data did not become available  until  1956),  and a t  lower 
lat'itudes  over  both  land  and sea. For  these  reasons, 
short-period  means  based  on  rccent  observed  data  llave 
beer1 used  in place of tjlle normals by  numerous  authors, 
including  Xamias [5 ] ,  Reed and  Kunkel [6], Bryson, 
Ln,hey,  Sornervell, and  Wnhl [7], and  Jacobs [SI. I n  no 
case  however, has any  previous  mean been  based  on w, 

continuous  period of record  even  as  long as 12 years. 
In  view of the heterogeneous  cornbinat'ion of different 

periods of record and different  met'hods of obtaining 
data used  in the 1952 normals, i t  would  be  indeed surpris- 
ing  it differences  could not be found bet'wecn t'herrl and 
more  recent long-period averages,  especially  considering 
the t'rernendously  increased  dat>a  coverage  in the  last 
decade  or so. I t  will be observed that  both  the 1952 
normals  and  the  12-year  means  presented  in  this  paper 
contain  four of thc  same  years;  i.e., 1947-1950. There- 
fore  the  comparisons  presented  here  are  essentially 
between  features of the eight  years 1951-1958, which 
probably  contain  the  best  observational  basis  in  the 
history of upper-air  meteorology,  and  fcat'ures of a  period 
of sparse  data  prior  to 1946. 

3. COMPOSITION OF THE  12-YEAR  MEANS 

Figures 1-12 port>ray  the  new  montbly  12-year  means 
a t  sea level and 700 mb., toget'her  with  thickness  and 
height  departures  from  the 1952 normals. 

These  means were obtained  by  averaging,  for  each 
calendar month, the 12 monthly  means  for  the  years 
1947-1958. Each  monthly  mean  in  turn  represented  an 
average of 60 synoptic  analyses;  i.e., 30 days of twice- 
daily  dat'a.  Through the years  each  12-hourly  analysis 
has been  placed on punched  cards  in  t'he  form of hei&tts 
and pressures  interpolated at  standard  intersections of 
latitude  and lorlgitudc  in the  shape of a diamond  grid. 
The intersect'ions  employed  are  those  formed  by  latitudes 
and  longitudes  both of which are evenly  divisible by  
10, and also by  those  intersect'ions  both of which end  in 
digit  5. For example, 40' N., 60' W. and 35' N., 55O 
W. are used,  but' not 35' N., 60' W., etc.  The  same  grid 
was  used  in the  preparation of the 1952 normals (see 
fig. 1 of [IJ). 

The  punched  card  data fell short of providing  a  full 
12-year  average  in some areas.  Over  much of Asia nortmll 
OI 40' N., only  t'he  months  November  and  December  are 
t'rue  12-year  averages, the  other 10 months representing 
11-year  averages  in  this  area.  Over  Africa  east of IOo 
E. and Asia  between 30' N., and 40' N., the  patterns 
represent IO-year  avertlges, and  at  20' N. and 25' N. 
they  represent'  only  8-year  averagcs  in  this  region.  These 
averages,  however,  are  the  most  recent  years  in  all cases. 

Alt'hough  t'he  punched-card data  over  China  and 
Sout'heast Asia represent' 10- to 12-year averages,  actual 
daily  observations  during  much of this  period  wcre 



mostly  absent,  especially from CXlina. Of course, this is 
almost  always  the case over some  parts of the  world, 
especially the  oceans,  even t'o the  present c l a y .  Over 
these  ocean areas vertical  extrapolations  from g e n e r d y  
available  surface data usually  permit  delineation of' 
relativcly  reliable  upper-air  patterns,  especidly wllerc 
the  lapse  rates  are  normally  not excessively stable a t  low 
levels.  These  extrapolated  values are then  integrwtctl 
with  actual  upper-air  reports  from ocwm weat?lcr vessels 
and islands.  However,  over  (Ihina  the absenccl of surf'ucc~ 
tts well as upper-air  observat'ions  required  tlependcnce on 
l~orizontal  space  and  time  continuity  only. It is thercl'ore 
believed that'  the  patterns  presented  here may he  con- 
sidered  least  reliable in the  interior of Southeast L k i i I ,  

but,  interestingly  enough  they arc not its different from 
earlier  normals as they ttre in  some  other areas. This 
might be explained by  the  nccessity of using  the snmv  
techniques of extrapolation  in  both  periods  since ( h t a  
were  largely  absent for both. 

The 1000-700-mb. thickness  charts  (not, prcsentcd) 
from  which  the  departures  in  figures 1 D  t,o 12D were 
computed,  were  prepared by corlvertirlg  t,he  new rnetln sen 
level  pressures a t  each  grid-point  into  height,s of the 1000- 
mb.  surface  by  using n const:rnt  height  equiv:&nt of 26 
feet  for  each  millibar of depart'ure  from 1000  rnb. This 
height  equivalent  is  valid Tlcar 32" F. This  results in 
varying  degrees of error depending on bot'l-1 t h e  cxt'ent t o  
which  average  temperatures  depart  froln 32" F., nntl t1;e 
extent  tBo  which  the  mean  pressures  depart frorrl 1000 nnb. 
(see table 58 of [9]).  Thus  over  t8he  eastern  port,ions of 
continents  in  winter  north of about 50" K., where rnetln 

pressures  are  relatively  high  and  temperat'ures nltty aver- 
age as low as "50" F., the  thicknesses  computed h -  t,his 
metmhod are less than  actual  t'hickuesses, and positivc 
corrections  might be needed  locdly  (such  as  in  the vieinit,>- 
of  Verkhoyansk, USSR, near 67" K . ,  133" E.) of perhaps 
as  much  as 100 feet' in  t'he  rnont,hs of Jtmuary tmtl 
February. 

Similarly  in the  vicinity of the  subt,ropical  oceanic 
Highs  in summer, negative  corrections of perhaps :IS rnuch 
as 50 feet  have t o  be  applied.  Elsewhere t,he t'hickness 
difference patterns  should be reasonably  accurate  since 
the nlrtgnitude of the error introduced by the a h v e  
method  diminishes AS the n1cm  pressure :tpprowches 1000 
rnb . 

4. DIFFERENCES  IN CIRCULATION FEATURES AT 
700 MB. 

The principal  features of the  12-year  rnem 700-rnb. 
charts (figs.  IA-12A) will now be described and  compared 
to corresponding  features of the 1952 normals. 
(1)  Baffin  Islttnd Low 

At 700 rnb. this  center  is  generally  not, as deep  and is 
farther  north on the 12-year n1e:tns by as muc,h as 7" of 
latitude  in  t'he  winter lKloIlt~llS, as cornpared  wit,h  the 
normal. 

(2) Cyclonic  Vorticit,? i n  t'lle Denmark  Strait 
In  the 12-year mems  this  feat'ure  is  present  at 700 nib. 

from  November  to  February,  with a low  center  from  June 
to  October, but, t'hese  features  are  not  as  pronounced  in 
t,he norrntlls. 
(3) Atlantic  Subtropical  High 

This  High  is  slight,ly  weaker  on  the  12-year Inearls 
during most of the  year,  with  the  western cell centered 
east,  instead of west, of Cuba in November  and  December. 
The trough between  t'he  two cells in  t'he cold months is 
generally 7" or 8" east of the  normal  position.  The 
west,w:trd extension of the  Atlantic  ridge becomes a sep- 
arate  High oent'er in the  sout8hern  United  States  in  August, 
Septcrnbc~r, and Oct'ober, a feature  absent  in  t'he 1952 
nortr1:tls. 
(4) Spitzhergen  Trough 

A  short  trough sllows up  in  nearly  all  months a t  700 mb. 
near  Spitzhergen  in  the  12-year  nmtns,  whereas  the nor- 
mal  shows a ridge  in  this  area  in  most  rnont,hs,  notably 

( 5 )  Xorth Arllerican East Coast  Trough 
This  trough a t  700 mb.  appears  farther  east on the 

12-ye:tr me:ms in some  months,  notably  October, while in 
other  months,  such as December,  it  is  farther  west. 
(6) Alaskan  Trough 

A clist,inct trough or shearline  appears  in  the new 12- 
year 700-nib.  means  during  winter  months  over  Alaska, 
in  contrast  to  ridge  conditions  in  the  normals,  notably in 
January : t r d  Fehrutq-.  
(7) Pacific High 

The  12-year nleans at' 700 nib.  reveal  that  the Pacific 
High  is  t,ricellular  in t'lle  fall and  winter  months, bicellular 
in t'lw spring,  and single-celled and  strongest  in  July.  In 
August a weak  central Pacific cell and  a  weaker  Philippine 
cell become  evident,,  with  the  central cell becoming  pre- 
dominant  in the fall  months.  The  central Pacific cell 
and the  Philippine cell become  equally  dominant  in 
Decenlber, while in  the  winter  months  the  Philippine cell 
becomes the  strongest' cell in  t'he  Pacific  High. In  April 
: ~ n d  %fay the eastern cell disappears,  reappearing  strongly 
in  June.  Iittle of this  detail is apparent  from  the 1952 
norrrlds. 
(8) Hawaiian  Trough 

A  distinct  t'rough  at 700 rnb.  occurs  near  the  Hawaiian 
Islands  from  Xovcmber  to  about,  March,  separating  the 
eastern  and  the  central  Pacific  High cells. In  March 
t8his  trough  appears to be associated wit'll a Low  south of 
the  Islands.  The  proximity of t,his  trough is closely 
related  t80  thc  wint'cr  rainfall  rnaxirnunl  in  Hawaii, while 
the absence of a trough  in summer is  associated  with 
relat,ive  dryness t'llere. 
(9)  Philippillc Sea Trough 

From  July to Novenlber a trough  appears  in  the 12-year 
700-nlb. 111ea11s just,  east of the  Philippine  Islands, sep- 
tmtting  the  Philippine or Sout,h  China  Sea  High from the 

li'ebrunry. 



700-Mb.12-YEAR MEAN 1 ,i ' J 
JANUARY 1947 TO 1 9 5 8 1  ,' C SEA LEVEL PRESSURE 

~ , JANUARY 1947 TO 1958 - "-~" ~- I 

FIGURE 1: 
A. 12-year average  contours of the 700-mb. surface  (tens of fret),  drawn at intervals of 100 ft.  with  selected  intermediate  contours 

dashed.  Trough  lines  (heavy  solid)  delineate  the loci of hc,ight minima  along  adjacent  latitude circles. 
B. Height  differences  (tens of feet)  between  12-year  average 700-mb. heights (A4 charts)  and  corresponding 1952 normals  [l].  Ileavy 

solid  lines  indicate zero differences.  IIatched  areas  have  poitive sdifferences and stippled  arras  have  negative differences of more  than 
50 ft.  The  lines  are  drawn at intervals of 50 ft.  with  positivc differences solid  and  nrgative differences dashed. 

C. 1 Z-year average  isobars of sea level pressure  (millibars)  drawn at intervals of 5  millibars  with  selcctrd  irltcrrnediatc  isobars dashed. 
D. Differences  betwernl2-year  average  thicknesses (1000-700 rnb.) (tens of feet)  and  corresponding 1952 normal  values  [l].  Heavy 

solid line  indicates zero differences.  Hatched  areas  have  positive differences and stippled  areas  have  negative differences of more than 
50 ft. The lines are drawn at intervals of 50 ft.  with  po.4tive differences  solid and negahive differences dashed. 

central Pacific  cell.  This  trough  probably  reflects t h e  west a r d  not so deep as shown  in  t'he 1952 normals. In 
locus of t,yphoon  activity  which  reaches it IllaxiInuIrl a t  July and Oct'ober the vorticity rnaxirnurn or T~ow is  fount? 
this  time of year. over  the  Bering  Sea  rather  than  over  adjacerlt  Siberia as 

in  the  norrnnl. In November t.his Low is  found  near the 
(10) Karnchatka  Low  Knrnchat8ka  side of the  Bering  Sea, in contrast to  the 

In the  winter mont811s this  Low at' 700 Inb. is f t d l e r  position  in  t'he nor~nul  nearer Alaska. 



FIGIXE 2.-(See legend to fig. 1.) 

(11) Nort'heastern  Siberian  High  Cell 
A  small  High cell appears  in  extreme  northeastern 

Siberia  in  t)he  new  12-year  means at  700 mb. in  some of 
the colder months  such as Novcrnber,  December, and 
February.  This  feat'ure does  not' appear on the  earlier 
normnls. Its existence  is  associat'ed  not  only  with  greater 
height,s  in  this  area  than  in  the  earlier  normals,  but also 
with  the  Alaskan  trough which  is  also a new feature 
found  in the 12-year  means.  This  High cell is  essentially 
a cut-off portion of the  Yukon  Ridge. 

(12) Siberian  Arct'ic  Low 
The 12-year  means a t  700 rnb.  show  marked differences 

in t'he position and  intensity of the second  deepest  cell of 

t'he  polar  vortex, t'hc Siberian  Arctic  Low. In January 
this Low is deeper  than  the  Kamcha'tka Low, a  reversal 
from the  situation  in  the  earlier  normals, while  in February 
this Low disappears a s  II circulation  center,  although it is 
still  shown >IS such on the  normal.  In  April  it becomes 
t,he largest cell of t'he  polar  vortex,  whereas  the  normal 
map shows only one deep  center  over Baffin Island.  In 
June  the  Siberian cell becomes the deepest  system  in the 
Northern Hernispherc, and from July  to  September  it 
apparently becomes the polar  vortex, close to the  North 
Pole on the  Siberian  side. I n  October  and  November 
t'his  center  is  connect'ed  by  a  trough  to  the Baffin cell, 
whereas the  normal  shows a ridgc  separating  the two. 
I n  December  this  center is found considerably  farther 



12 YEAR MEAN 
S E A  t t V t L  PRESSURE 
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F I G L E E  4.-(Sce lrgrrld to  fig. 1.) 

the 1952 normds, a ridge is  located  at,  higher  latitudes. (1) Alaskan  Trough 
In  July  and  August  t,his  t,rough  is  fairly  strongly  developed 
from  the  eastern  Black Sea southward, while the nornlal 
indicat,es  lit,tle or no trough  there. In the  winter  months 
the  southern  position of the  Russian  trough  snaps bt~clc 
westward to t,he I t d i m  peninsula. 

5. ANNUAL OSCILLATION OF THE 12-YEAR  MEAN 
CIRCULATION FEATURES  AT 700 MB. 

Many of the me:m circulation  features :It 700 rnb. osc+il- 
late  with  considerable  regularity  according  to  the seiiSor1. 
Some of the pronlinent  oscillations are as follows: 
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FIGURE 5.-(See legend t o  fig. 1. )  

(3) East,ern Cell of Pacific High 
This cell a t  700 mb. migrates  discontinuously  north- 

westward about 25' of latitude from its  southeasternrnost 
position  between  Hawaii  and Lower ('alifornia in January 
and  February t,o its  northwesternmost  posit'ion  north of 
Hawaii a t  35' N. in July  and  August,  after which it  returns 
to  its  southernrnost  position  near  year's  end.  This oscilla- 
tion  is  sinlilar to  t,hat of the west  coast  trough,  but  over a 
greater span of longitude. 

(4) Central Pacific High Cell 
This cell migrates  northeastward a t  700 mb. about 15' 

of latitude from its  southwesternmost  position in winter 
to its  most  northeastern  position in late  summer  and  early 

fall. It  retreats  rapidly t'o  its  southernmost  position  after 
October. 
( 5 )  Philippine  High Cell 

This cell is very  stable  in  position from January  to  May 
east of Luzon. I t  disappears  in  June,  reforming as I weak 
cell in  August and September  over  the  southern  Philip- 
pines. During  the  remainder oT the >Tear it is located  north 
or w-est of tllc  Philippines. 
(6) Bengal  Trough 

In  the first  five  rnont,lls of the  year  this  t'rough  rnigrat'es 
eastward  across  Rurrna at  700 mb. I t  appears  on  the  west 
side of the  Bay of Bengal  from  June  through  October,  in 
association  with the  Nepal or Indian  Low.  By  year's 
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700"B.lZ-YEAR  MEAN 
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FIGURE 6.-(See lrgcnd to  fig. 1.) 

end it is located  in  the  cerlt'ral B t ~ y  of Bengal,  heading 
eastward  toward  Burma. 

6. COMPARISON OF HEIGHT DIFFERENCES  AT 700 MB. 
IN  RELATION TO LONG-PERIOD CHANGES 

Figures IB  to 12B  show  that  there is a good  correspond- 
ence, as reflected  in  smaller  height  differences a t  700 mb., 
between the new  12-year  averages and  the earlier  normals 
in some  areas,  such as the  contiguous  United  States,  where 
earlier data were  fairly  plentiful  and  relatively  accurate. 
This  might  lead  to  the  inference  that  the  more  substantial 
differences  in other  areas  reflect  earlier  errors  rather  than 
long-period changes.  However,  this is not necessarily true 
in  all areas,  since  the  difference  patterns  frequently show 
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up as couplets of atljtwent  height  difierence  psttcrrls  of 
opposite  sign. 

The existence ol these  couplets  in  certain  areas and 
seasons suggests  that  departures of' a  certain sign  in one 
area are dynarr~icsl1~- linked  with  departures of opposite 
sign upstream or vice versa. For example, the  negative 
differences  in January  at 700 rnb. over AMtmchuria (fig. 1B) 
are associat'ed  with  the  positive  departures of similar  mag- 
nitude in the north-central Pacific  probrtblv through  baro- 
tropic  propagation of vorticity.  In  other  words, if t,he 
negative  differences  over  Manchuria  merely  represent a 
compensation  for errorlcous heights on the earlier  normals, 
then the  positive  departures  in  the  Aleutians  are  quite  a 
coincidcnce. Or reasoning  conversely,  since  reliable data 
of the recent'  12-year  period in the Aleutian  area  indicate 
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a trend loward  greater  heights  than  in  earlier  norrnals, 
this  t,rend can be confidently  attributed  to :m error  in  the 
1952 normals only in the absence of w. negative trend of 
the height differences upstream. 

Another area of relat,ivelv  large  height differences :it 
700 mb. is i n  east,ern Canada and Raffirl Ba>-, fro111 XO- 
vember to  June,  with a rnaxirnurn of 250 I't. in  February. 
That  these  differences are at, least  partially n rnarlifesta- 
tion of increased  blocking  in  recent ?.cars is suggested by 
the fact, that  in sGme months e.g., December and January, 
strong  negative  diffcrmces  are found imnlediately to the 
enst, over  Europe. Sirnilnr  pwtjt'crns were found by LZartin 
[lo] in seasonal  averages,  for  the 5-vertr period 1947-1951, 
of interrelated 5-day mean height momdies  a t  700 m b .  

Kegtttive  dt.pWtures  from the 1952 normals are  greatest 
in  the  colder  months from t8he east'ern Atlantic  across 
Europe  and eilst~~~itrtl to Asia a t  middle and high  latitudes. 
Strong  negative differences  st,ill  exist over Siberia and to 
R lesser est,ent over the  eastern  Atlmt~ic  in  spring.  In 
the  summer and fall  months, t811e negat'ive  differences are 
greatest,  over  the  North  Atlantic and nort,hern Europe. 

A striking  :~lt~ernntion  from a large  negative  to a positive 
difference occurs between January and February  near 
northern  Scandinavia  and Novt~ya Z e m l p ,  and to a lesser 
extent  continues  through  March  and  April. The 270-ft. 
positive  difference in February  over  Xovaya  Zemlya  is 
the  greatest, difference from  t>he  earlier  normals  observed 
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FIGURE 8.-(See lcgcrld t o  fig. 1.) 

at 700 mb. This may reflect either an incretLsed blocking 
t'rend or a correct'iorl ol' errors of analyses  in  earlier ?-ears. 

October (fig. 10B)  is also an  unusual  month  in  the sense 
t'hat  negative  differences  appear  in  the 12-ye;lr me:ms 
throughout'  the  higher  latitudes.  This  implies  stronger 
westerlies in t,he polar  latit,udcs  during  Oct,ober th:tn in 
t,he earlier  normals. 

On tl hemispheric  basis  the  positive  height  departures 
exhibit' a nort'hward  migratory  trend,  primarily  in t'lle 
western sector of the  hemisphere, from about  December 
to May,  after  which  they recede southward t'o middle 
latitudes  in  t'he  last) half of the  year.  The  negative  de- 
purt,ures,  on t'he other  hand,  dominate  thc  high  lat'itudes 

from late summer to  Oct'ober, aft'er which t'hey  recede 
souttlw:lrd,  primarily  into  the  eastern sect'or. The net  
effect' of thrw height'  differences on t'he  westerlies  in  t'he 
western sedor  ol' the  hemisphere  is shown in  figure 13. 

7. DIFFERENCES  IN  THE 700-MB. ZONAL INDICES 

Figure 1 3  gives it comparison of the  annual  variation 
of z o r d  indices at  700 mb. for the Tvest'ern sector of t,he 
Nort  hern  Hemisphere,  between  the  new 12-ycar mems 
and  the 1952 normals.  Overall,  the 1947-1958 avemge 
west'erlies are slower than  those in the normwls, with  the 
polar westerlies  averaging 0.26 m.p.s. less, and t'hc  sub- 
tropicd westerlies  0.75 m.p.s. less. 
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FICCRE !,.-(See legend to  fig. I.) 

The  subtropical  westerlies a t  700 mb. are slower  in  all 
months  in  the 12-year means,  with  the  minimum speeds 
occurring  in  July  instead of in  August'. At  mid-latitudes, 
the westerlies are  stronger  in  tmhe 1947-1958 menns than 
in the  normals  in  summer m d  full and weaker in  winter, 
with t'lle annual  maximum  in  December  inst'ead of i n  
January,  and a single  minimum  in  July  instend of a 
double  minimum  in  June and August.  In the polar k t -  
itudes,  the  westerlies  reach a sharp maximum  in  October 
on t,he  12-year mettns. 

8. STABILITY OF THE 700-MB. HEIGHT DIFFERENCES 

One criterion of the  reliabilit,y of a new set of long- 
period  averages  is  the relwt,ive st'ability of the  differences 

between  t,he new metms m d  the earlier ones. Ideally 
this  would  require t'wo new sets of consecutive  averages 
and a snfficiently  long  sample of new dat'a  to  justify t811is 
procdurc.  Since  such A new sample was not  available, 
it'  was  decided to compswe t'he departures of the new 12- 
year  means (1947-1958) with  the  depart'ures of a set of 
%year means (for the years 1846-1953) which had pre- 
viously  been  prepured  in  the  Extended  Forecast  Section. 
hfaps at. high latitudes for the period 1948-1955 were 
published  by Kamixs [4] for the months of January,  April, 
July, and November. A mean of 8 Mays from 1946 to 
1953 was published by Klein [ I l l  in 1954 (see his fig. 9). 
Figure  14 shows the departures  from the 3952 normals of 
8 -par  means ut, 700 mb.  for  the  period 1946-1953 for 



three  additional  select'ed months, Fehrutry,  June,  and 
October.  These may be comptlred with  the differences 
from t'he 1952 normals of t'he 1 2 - y ~  means  in figures 
2B, 6B, and 10B, respectively. 

The  similarity of thc  departures of the %-year and 12- 
year  means  for these months is equally  st'rorlg for the 
ot'her  mont'hs  (not shown). In general  the  patterns show 
considerable  stabilit'y and, with few exceptions, the differ- 
ences between t'he departures of the 8-year and 12-year 
means, where they  exist, are generally in a direction tiway 
from t'he  earlier  normals. 

In Fcbruary, for instance, the departures itlrncst with- 
out  exception,  are greater i n  the 12-gettr average th:tn i n  
the %year average. In J u n e  the majority of the  departure 
centers  have  intensified  with  time,  except for some i n  the 

lrgcr1d to f i g .  1.) 
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errors in the earlier normals. In  the few areas whcrc thc 
trend of the  departures  is back tow& the 1952 nornlttls, 
the departures of the %year me,uns probitblg  rcprcwnt 
an overcorrect'ion of earlier errors, t m d  also j r l  part tl 

cyclical trend of a more  temporal  nature. 

9. COMPARISON OF SEA LEVEL PATTERNS 
Figures 1C to 12C portray the 12-3'ear ttverages for 

the years 1947-1958 at  sea level.  Some ol' the notice;tblo 
differences  from the 1952 norrrlttls are pointed out belonr. 
There  are many addit1iord diflercnces, of' course, and 
these  generally  correspond to t'hose previously  observed 
ut 700 mb. 
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Systems  which  appear in the  norrnals  but are not  found 
in  the 12-yetlr means  are: 
(a) Highs  show  up in the  Arctic  in  January, JUIJ-, and 

August . 
(b)  In  July  there  is a Low over  southern  China. 
(c) A Low  appears  in  Davis  Strait  in  November. 
(d) The  Colorado Low appears  in  Decenlber ant1 January. 

Sornc other  features of the 12-ym- means  which  diRer 
from the 1952 normals  are: 
( a )  The  Yukon  High  has  an  unbroken  connection  with 

the  southeastern  Unit'ed States High, tmd in 
February  t'he  lat'ter is disconnected  from  the 
Atlantic  High. 

legend to  fig. 1.) 

(b) In :2pril the  main Low center is in  the  Bering  Sea 
instcad of' near Kodiak. 

(c) T n  1Zay  t'he  Indian  Low  is  deeper  and  farther.  sout'h- 
east, while the  Bering Sea Low is farther  west'. 

((1) In June the Indian Low is much  farther  southeast 
and tlecper on t,he 1 2 - y ~ : ~  nlcun. 

(e) In  July R strorlgcr ridge  extends from the RZediter- 
r:mc:ln ovcr North  Africa,  forcing  the  Sahara 
LOW west t'o rleiir 0' longit'ude. 

(f) In August R Low appears near the  North Pole in  t,he 
wet1 ol  high  pressure  shown  in  the  earlier  normals. 

(g) T n  September, tlrc deepest Low is centered  near  Ice- 
land  instend or over  Davis  Strait', and in t.he 
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FIGURE 13,"Annual  variation of 12-year average  monthly 700-mh. 
indices (dashed) i n  meters  per  second  for  the  western srct,or of 
the  Sorthrrn  Hemisphere (O-lSOO W.). Subtropical  index :tpplies 
between  latitudes 20" N. and 35" N., temperate  betwem 35" N. 
and 55' X., and polir between 55' N. and 70' K. "Korrnsl" indice. 
(solid) are averaged from maps in  [l]. 

Pwific a low  center  exists east of t8he  Philippines 
instead of over  the South China Sea. 

(h) I n  October a single  deep  ccnter  occurs near lcelnrd 
instead of weaker  double  cent'ers  in  the normtll. 

(i) I n  December  the  Azores  High  is about 5' fart,ller 
nort'h, while in  he Pacific, t'he deepest TJow is 
netu Kodiak instead of t,he  Bering Sea. 

The  patterns oi monthly pressure differences  between 
t,he 1947-1958 sea level mems  and the norrnds (not 
shown)  correspond  fairly  closely to t8he height differences 
a t  700 mb.  shown  in figures 1B to IzB,  especially for the 
major  centers.  One of t,he areas in which  persistent 
differences from the earlier  normals  show up  is in the  
vicinity of the  North  Pole  where  pressures on the 12-year 
means  are  lower than in the  normals  in  all months, except 
May, to varying  degrees  from 1 to 4 millibars. Ti'he 
largest depart,ures occur  in  July  and  August and again  in 
December. T h e  differences arc not as great  in  July as 
suggested  by Reed and Kunkel [6]; the  patterns  conform 
more newly to t,he 8-year average  published  by Samias 
[41. 

" 

FIGURE 14,"Height differences (tens of feet)  betwecn 8-yc.ar aver- 
age 700-mb. heights  and  corresponding  1952 normals [I].  Heavy 
solid  lines indicate zero  differences. Hatched  areas have positive 
differences and stippled  areas  have  negative differeuces of more 
than 50 ft. The linfs are  drawn at intctrvals of 50  ft.  with pos- 
itivr differences  solid and  negative differences dashed. 




